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d u I’I n g O I‘Chal‘d EStab| |S h m e nt with herbicides the entire length of each tree

row (including areas with mulch). Preemer-

Michael W. Smith, Becky L. Carroll, and Becky S. Cheary gent weed control was with norflurazon [4-
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Additional index words. Carya illinoinensis, Carya illinoensistilization, nitrogen Simazine [6-chlordN,N’-diethyl-1,3,5-triaz-

ine-2,4-diamine] was applied during late May.
Abstract.'Giles’ pecan [Carya illinoinensis(Wangenh.) K. Koch] seedlings were either not Glyphosatefl-(phosponomethyl)glycine] was
mulched or mulched with wood chips arranged in a 1- or 2-m-wide square that was 30 cmapplied with the preemergent herbicides, and
deep. Mulch treatments were in factorial combination with two N rates applied as either asrequired during the growing season to main-
a single application at budbreak or as a split application at budbreak and 3 weeks later. tain the rows weed-free.
Tree height was positively related to mulch width each year of the 3-year study, and trunk  The wood chip mulch originated from a
diameter was positively related to mulch width during the second and third years of the |ocal utility company as they cleared vegeta-
experiment. Leaf P and K concentration during 2 years and leaf N during 1 year of the tion from utility right-of-ways. Typical trees
study were positively related to mulch width. Trees receiving the higher N rate were taller included in the chips were Eastern redcedar
during 2 of 3 years, but leaf N concentration was not affected by N rate. No differences in(Juniperus virginiand_.), Bois d’arc [Osage
the parameters measured were observed whether N was applied as a single or as a spitange; Maclura pomifera(Raf.) C. K.
application. Schneid.], Siberian elmU{mus pumilaL.),

redbud Cercis canadensit.), and cotton-

Vegetative ground cover surrounding treesertain advantages in reducing weed competivood (Populus deltoide8artr. ex Marsh.).

competes for nutrients (Bould and Jarrett, 1962ion when used alone or in combination withtVood chips were not composted, but were
Goff et al., 1991; Smith et al., 1959; Worleyherbicides. stockpiled=3 months prior to use, and were
and Carter, 1972) and water (Patterson et al., Certain mulches can reduce N availabilityapplied to a depth of 30 cm only in April, and
1990; Ware and Johnson, 1958), and in sonas they decompose (Allison, 1965), or inhibita substantial amount remained until the end of
instances may be allelopathic (Friedman anglee growth; presumably growth-inhibitingthe study (3 years). Since pecan harvesters
Horowitz, 1970; Meissner etal., 1989; Menges;hemicals leached from the mulch (Still et al.sweep the ground, the mulch must deteriorate
1987; Weller et al., 1985; Wolf and Smith,1976). Foshee et al. (1996) found that mulchy the time trees begin bearing (6 to 8 years
1999). Tree growth during orchard establish30 cm deep was optimum for growth of youngld).
ment can be increased by maintaining a weegecan trees. However, only one mulch area Tensiometers were installed 30 and 60 cm
free area surrounding the tree (Foshee et aurrounding the trees was used in that studgeep and 30 cm from the trunk of two trees per
1995; Patterson et al., 1990; Patterson ar@ur objectives were to determine the optimunireatment. Soil tension values were recorded
Goff, 1994; Wolf and Smith, 1999). Cultiva- mulch area, the response of trees to N rate, antout three times per week during the growing
tion (Foshee et al., 1997; Merwin et al., 1994if a split N application improved tree growth inseason. Irrigation was applied with a traveling
Patterson et al., 1990; Patterson and Goftomparison with a single application whergun that delivered 5 to 7 cm of water per

1994; Smith et al., 1959), herbicides (Arnoldising a wood chip mulch. application, whenever tensiometers at the 30-
and Aldrich, 1979; Foshee etal., 1997; Merwin cm depth in the treatments without mulch

etal., 1994; Norton and Storey, 1970; Patterson Materials and Methods averaged —40 kPa soil moisture tension. From
etal., 1990; Patterson and Goff, 1994; Robinson 2to 3 d were required to irrigate the entire plot

and O’Kennedy, 1978), or various mulch ma- One-year-old container-grown ‘Peruque’with the traveling gun.
terials (Foshee et al., 1996; Merwin et al.pecan seedlings were planted atthe Oklahoma Leaf samples were collected during July
1994; Robinson and O’Kennedy, 1978) can bPecan Research Station near Perkins in O&ach year using the middle pair of leaflets from
used to control weeds that interfere with growthil993, spaced 10%10.7 m on a Teller sandy the middle leaf on current-season’s growth as
Cultivation is normally considered undesir-loam (fine-loamy, mixed, thermic, Udic the index tissue. In 1996, leaf samples from
able since it increases soil erosion, causes sditgiustoll). Trees were managed according teach treatment combination were pooled over
structure loss, and frequently results in trethe Oklahoma Cooperative Extension Serviceeplications to avoid excessive tree defolia-
injury. Herbicides have been widely acceptedecommendations during establishment antion. This prevented statistical analysis of leaf
in modern agriculture as an effective and relawhile the study was in progress (Carroll et al.elemental concentrations in 1996. In 1997 and
tively inexpensive tool to control unwanted1998). 1998, replications were sampled individually.
vegetation, but recent public concern about A factorial treatment combination of threelLeaflets were rinsed in tap water, then 2% (v/
pesticide usage necessitates that means to@lch treatments and four N treatments were) P-free detergent, followed by &HCI, and
sought to reduce pesticide dependency. Waststablished in Apr. 1996. The mulch treatedeionized water, for a total washing time not
disposal facilities are being filled with materi-ments were 0-, 1-, or 2-m squares (§-tan?, exceeding 1 min. Leaflets were dried atZQ
als that may be useful with minimal processer 4-ntareas) centered on the tree. Allmulcheground to pass a 20-mesh (8%®) screen and
ing. Several municipalities are chipping treevere applied to a 30-cm depth. Nitrogen ratestored in airtight containers until analysis.
waste, then offering it to the public free-of-in 1996 were 0.08 or 0.16 kg N/tree eitheteaf elemental concentrations of N were de-
charge or even delivering truckload quantitieapplied as a single application at budbreak dermined using the macro-Kjeldahl method
at nearby sites to avoid land fill disposal. Thimne-half applied at budbreak and the other hafHorowitz, 1980) and P was determined colo-
material is suitable as a mulch and may offeaipplied 3 weeks later. The N (NNO;) was rimetrically (Olsen and Sommers, 1982). Po-
applied onone side ofthetreeinabah@cm tassium, Ca, Mg, Zn, Fe, and Mn were ana-
Received for publication 17 May 1999. Accepted forwide and 60 cm long, 45 cm from the tree trunkyzed using atomic absorption spectroscopy
publication 9 July 1999. Approved for publication by o top of the mulch, if present). In subsequerfmodel 2380; Perkin-Elmer, Norwalk, Conn.).
the Oklahoma Agricultural Station, Stillwater, Okla. . .
The cost of publishing this paper was defrayed in part YE&"S the N rate was increased to 0.16 or 0.32ee growth data, recorded during dormancy
the payment of page charges. Under postal regulatiorsd N/tree (1997) and 0.23 or 0.46 kg N/treeach year, included trunk diameter (15 cm
this paper therefore must be hereby maraeertise-  (1998). The experimental design was a spliabove the soil) and tree height measured from
mentsolely to indicate this fact. plot with mulch treatment as the main plot andhe soil line to the highest point on the tree.
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Data were analyzed by analysis of variance
with trends calculated for mulch size. In calcu-
lating trends, the width of the mulched square

Table 1. Monthly rainfall at the Pecan Research Station, Perkins, Okla.

Rainfall (mm)

(0, 1, and 2 m) was used as the treatment rate \’;Aaonr:;y 45-yegrlavg 1936 119197 1228
rather than the area mulched (0, 1, and?¥d m February 13 0 69 11
March 74 31 12 202
Results and Discussion April 79 7 137 123
May 135 29 68 83
Rainfall at this site averages 894 mm annu- June 107 59 96 53
ally, with 647 mm between 1 Apr. and 1 Nov. July 74 143 152 78
(Table 1). Annual rainfall was lower than the August 69 106 105 16
long-term average in 1996, and exceeded the ~ September 109 169 94 116
average in 1997 and 1998. Although rainfall Scwbeg 7‘; 1552 677 21216
exceeded the 45-year average in 1998, lower Dg‘égmbg 3% g gf 20 0
than normal rainfall in May and June, and little Total 894 709 042 1126

rainfall from August through mid-September,
caused severe drought stress in comparis
with the other 2 years.

Prior to treatment (1995) trees were uni- Mulch width (m¥ N ratel %
form in trunk diameter and tree height (Tablerear 0 1 2 Signif. Low High Signif. 9
2). After one growing season trunk diameter Trunk diameter (mm) s
was not affected by mulch treatment, but tregggs 11 11 10 NS 11 10 NS <
height was positively related to mulch width.1996 16 17 18 NS 17 18 NS 5]
In 1996, only one significant interaction (mulch1997 21 23 26 L 23 25 * i
treatmentx N application time) was signifi- 1998 33 38 40 L 38 37 NS =
cant in affecting trunk diameter. Time of N Tree height (cm) i
application did not affect trunk diameter if1995 57 57 52 NS 56 55 NS S
trees were not mulched or the mulch was onl$996 58 63 70 L 60 68 * 3
1 m wide (data not shown). However, if thel997 100 113 128 L 107 121 * 3
mulch was 2 m wide, trunk diameter was'998 157 190 196 L 183 181 NS z

Yble 2. Main effects of mulch width and N rate on trunk diameter and tree height of seedling pecan treeé.

slightly larger if all the N was applied at*Means for mulch width are pooled over N rate and N application time. Means for 80 single-tree replicationsy
budbreak rather than split between budbredkow = 0.08, 0.16, and 0.23 kg N/tree in 1996, 1997, and 1998, respectively. High = 0.16, 0.32, and 0.46
and 3 weeks later (28 vs. 25 mm, respectivelyb‘.g N/tree in 1996, 1997, and 1998, respectively. Means for N rate are pooled over mulch treatments an

In 1996, soil tension during periods of mois application time. Means for 120 single-tree replications.

ture stress was generally lower (less negative)
at the 30-cm depth for mulched than for
nonmulched trees (Fig. 1). There were few
differences in soil moisture tension at 30-cm
depth between 1- and 2-m-wide muilches, ex-
cept in May, when the larger mulched area
retained more soil moisture. Soil moisture
tension at 60 cm during May and June 1996
was similar in nonmulched trees and in trees
with 1-m-wide mulch. However, during the
same period soil moisture tension was less
when the mulch was 2 m wide compared with
none or 1 m wide. During the rest of the 1996
growing season, soil moisture tension 60 cm
deep was similar for the three mulch treat-
ments, except fat6 d in September when soil
moisture was depleted faster when trees were
not mulched. Although stress was minimized
by irrigation when soil moisture tension at the
30-cm depth reached —40 kPa, soil moisture
was more favorable for tree growth when trees
were mulched. Soil moisture fluctuated more
rapidly at 30-cm depth in nonmulched trees.
At 60-cm depth, more soil moisture was re-
tained when the mulch was 2 m wide than
when 0 or 1 m wide.

In 1997, there were no significant interac-
tions among treatments. Trunk diameter and
tree height increased with mulch size (Table
2). Trees without mulch were 75% larger than
when the study was initiated, and those with a
2-m-wide mulched square were 146% larger
after two growing seasons. Rainfall patterns
were very favorable for tree growth in 1997
(Table 1). There were few periods of water
stress, and none were severe enough to require

irrigation (soil moisture tension —40 kPa at Fig. 1. The influence of mulch treatment on soil moisture tension at 30- and 60-cm depth in 1996.
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Crop PrRoDUCTION ‘

30-cm depth) (Fig. 2). Soil moisture was fre-
quently greater at the 30-cm level under
mulched than under nonmulched trees, but
differences were usually small. At60-cm depth,
soilmoisture tension was similar among mulch
treatments, although nonmulched trees fre-
quently had slightly less soil moisture. These
data suggest that the slightly greater soil mois-
ture in mulched trees may have increased
growth in height. However, there were virtu-
ally no differences in soil moisture between 1997 ;
those with a 1- vs. 2-m-wide mulch, yet those -50 - 30 cm soil depth ‘ +=2m
with 1 m of mulch grew 79% taller in year 2 C—
and those with 2 m grew 82% taller. Although 60
this is a rather small difference, it was signifi-
cant. The linear increase in tree height and
trunk diameter associated with mulch size
may also be partially attributable to residual
effects from 1996. Tree height was positively
related to mulch size in 1996, and may have
resulted in greater storage of nonstructural
carbohydrates. This energy reserve would tend
to promote more rapid growth in 1997, even if
there were few differences in soil moisture
among mulch treatments.

Trunk diameter and tree height were both
positively related to mulch size in 1998 (Table 1987
2). Trees without mulch were 175% taller with 50 60 ¢ soil depth
200% larger trunks, and those with mulch 2 m
wide were 277% taller with 300% larger diam-

Soil moisture tension {kPa)

Soif moisture kension {kPa)
&
=3

eter trunks, than when the study was initiated. “50\ 7\ N \ . —
Rainfall during May, June, and August, ex- FF G F P P @ R R R
tending into September, was less frequent in LA A A A A A A M

1998 than in 1997, and less than the 45-year
average (Table 1). Trees were irrigated severbid. 2. The influence of mulch treatment on soil moisture tension at 30- and 60-cm depth in 1997.
times throughout the growing season to main-
tain soil moisture tension at or above —40 kPa.
In fact, during late August and early Septem-
ber evapotranspiration exceeded our irriga-
tion capacity (Fig. 3). Soil moisture tension
data at the 60-cm level indicated that applica-
tion rates during the first part of the growing
season were not sufficient to markedly in-
crease soil moisture when trees were not
mulched or mulched with a 1-m square. Soll
moisture was more favorable for growth at the
60-cm depth using mulch 2 m wide, even
though irrigation did not increase soil mois-
ture to field capacity (—10 kPa).

Mulch treatments had little effect on leaf N
concentration in 1996 and 1997 (Table 3). In
1998, leaf N was positively related to mulch
area. Leaf P concentrations were similaramong
mulch treatments in 1996, but there was a
positive linear relationship with area mulched
in 1997 and 1998. Increasing leaf P concentra-
tions with mulch area may have contributed to
the positive relationship observed between
tree height and mulch size in 1997 and 1998
(Table 2; Sparks, 1988). Leaf K concentra-
tions were similar in 1996, but increased lin-
early with mulch areain 1997 and 1998 (Table
3). In all cases, except for trees without mulch
in 1998, K concentrations were within normal
sufficiency levels (Smith, 1991). Leaf Zn con-
centrations were below normal in 1996 and

Soil moisture tension (kPa)

Soil moisture tension (kPa)

&0 cm soil depth

1997 (Smith, 1991), although 36% Zn3D.2 -60 .
g-L%) was applied to the foliage with a hand- N T T T N S - S
gun at 2-week intervals from budbreak until o »:"& n}’& »&‘b q?"h & .;;-"' C -

July. Visual deficiency symptoms were not
presentin 1996 or 1997. In 1998, the foliar Zifrig. 3. The influence of mulch treatment on soil moisture tension at 30- and 60-cm depth in 1998.
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Table 3. The influence of mulch width on the leaf elemental concentration of seedling pecan trees.Allison, F.E. 1965. Decomposition of wood and bark saw-
dust in soil, nitrogen requirements, and effects on

Mulch width Dry wt (%) Dry wt (1g-g?) plants. U.S. Dept. Agr. Tech. Bul. 1332.
(m) N P K Ca Mg Zn Fe Mn  Bould, C.and R.M. Jarrett. 1962. The effect of cover crops
and NPK fertilizers on growth, crop yield and leaf
1996 nutrient status of young dessert apple trees. J. Hort. Sci.
0 2.70 0.15 0.89 1.20 0.42 43 42 1185  37:58-82.
1 267 0.15 0.92 1.24 0.47 32 42 1014 Carroll, B., M.W. Smith, and B.D. McCraw. 1998. Estab-
2 2.69 0.15 0.88 1.14 0.43 36 41 1135 lishing a pecan orchard. Oklahoma Coop. Ext. Serv. F-
6247.
1997 Foshee, W.G., W.D. Goff, M.G. Patterson, and D.M. Ball.
0 2.53 0.13 0.86 1.33 0.45 40 72 1021  1995. Orchard floor crops reduce growth of young
1 2.62 0.14 0.89 1.28 0.45 42 69 932 pecan trees. HortScience 30:979-980.
2 258 0.15 0.98 1.30 0.44 39 80 1031 Foshee, W.G., W.D. Goff, K.M. Tilt, and J.D. Williams.
Significance NS L™ L™ NS NS NS L, Q NS 1996. Organic mulches increase growth of young pe-
can trees. HortScience 31:811-812.
1998 Foshee, W.G., R.W. Goodman, M.G. Patterson, W.D. Goff,
0 2.56 0.13 0.73 1.57 0.47 119 57 881  and W.A. Dozier, Jr. 1997. Weed control increases
1 2.65 0.14 0.81 1.42 0.45 109 58 708  yield and economic returns from young ‘Desirable’
2 2.70 0.15 0.87 1.48 0.43 100 63 691 pecan trees. J. Amer. Soc. Hort. Sci. 122:588-593.
Significance [ L™ L™ NS NS NS NS NS Friedman, T. and M. Horowitz. 1970. Phytotoxicity of
S subterranean residues of three perennial weeds. Weed
L eaf samples pooled across replications. Data could not be analyzed. Res. 10:382-385.
YMeans pooled across N rates and N application times. Means for 80 single-tree replications. Goff, W.D., M.G. Patterson, and M.S. West. 1991. Orchard
v % Nonsignificant, or the linear (L) or quadratic (Q) trend significar® at0.05, 0.01, or 0.001, floor management practices influence elemental con-
respectively. centrations in young pecan trees. HortScience 26:1379—
1381.

. . . . . . orowitz, W. 1980. Official methods of analysis of the
rate was doubled, resulting in normal leaf Ziin tree height and trunk diameter with mulcH association of analytical chemists &1, Assn. Offic.

concentration. The only other element meawidth suggests that wood chip mulches wider  anal. Chemists, Washington, D.C. p. 15, section 2058.
sured that was affected by mulch treatmerihan 2 m may further increase tree growth. Meissner,R., P.C. Nel, and E.A. Beyers. 1989. Allelopathic
was iron; in 1997, there was a curvilinear Trees fertilized atthe high N rate were 13%  effectoiCynodon dactylosinfested soil on early growth
increase in Fe associated with mulch size. taller than those fertilized with the low N rateMen‘gecsers'&_C'logpsif’%;gi; 'g‘?ﬁi"cegﬁpe'gzt;%j';gfgzi
Trunk diameter was larger in 1997 andn 1996 and 1997. However, leaf N concentra- ~ ranth @maranthus palmeyiand other plant residues in
trees were taller in 1996 and 1997 when fertiltion did not differ significantly between treat-  soil. Weed Sci. 35:339-347.
ized with the high rather than the low N ratenents, and numerical differences in N conceriderwin, I.A., W.C. Stiles, and H.M. vanEs. 1994. Orchard
(Table 2). However, N rate did not signifi-tration were small. Concentrations for both N g[g:gﬂf;sve; Eg’;??g;nfﬁo'mpg;t_slfg:25106"_52%’_5"’6"
cantly affect leaf N, and there were no signifirates during the 3 years were within the recogyorton, J.A. and J.B. Storey. 1970. Effect of herbicides on
cant interactions between N rate and mulch arized sufficiency range (Smith, 1991). We weed control and growth of pecan trees. Weed Sci.
N application time. In 1996, leaf N concentracannot explain why there was more growth at 18:522-524.
tion averaged 2.67% for the low rate andhe high N rate when there were no difference%'sig'os"fﬁ_aRdLL'Efgm;{"ﬂs'&ﬁlgef' Z';gsghgc’l‘izg;‘:o‘l_
2.69% for the high rate. Leaf N concentrationn leaf N concentrations. (eds.). Me{h,')dsgfs'o” analysis. Part 2. Chemical a):]d
was 2.57% and 2.59% in 1997, and 2.62% and There were no differencesinany measured microbiological properties. Amer. Soc. Agron. and
2.65% in 1998, for the low and high ratesparameters when N was applied as a single gr_Soil Sci. Soc. Amer., Madison, Wis.
respectively. split application, except for one interactionP"J‘ttce(r;‘t)rno‘I Zﬁg'irﬁggu\éva%niﬂaagéaﬁﬁfﬁgﬁeﬁ;ﬁvew
Applying N one time at budbreak or split-when trunk diameter of trees with mulch 2 m  growth and yield. Weed Technol. 8:717-719.
ting the application equally between budbrealvide was larger if N was applied as a singl@atterson, M.G., G. Wehtje, and W.D. Goff. 1990. Effects
and 3 weeks later did not affect trunk diameterather than a split application, but trunk diam-  of weed control and irrigation on the growth of young
tree height, or the concentrations of any eleeter of nonmulched trees and those with mulCaob?ﬁss:sbvvézig?{g%’Iiéigrie_d?/?i.{)m. The effect of
ments in the leaves (data not shown). Therem wide was not affected by N application  oyerall herbicide systems of soil management on the
were no interactions between N applicatiotime. This indicates that leaching, volatiliza-  growth and yield of apple trees ‘Golden Delicious'.
time and mulch or N rate for any of the varition, and denitrification losses were similar__Scientia Hort. 9:127-136.
ables we measured. when N was applied as a single application yS™M C-L. . O.W. Harris, and H.E. Hammar. 1959. Com-
Y . . . X parative effects of clean cultivation and sod on tree
These data indicate that a 2-m-wide woodtwo applications 3 weeks apart. Leaching oc-  growth, yield, nut quality, and leaf composition of
chip mulch applied 30 cm deep, combineaurs when rainfall exceeds evapotranspiration pecan. J. Amer. Soc. Hort. Sci. 75:313-321.
with a 4-m-wide weed-free strip, substantiallyfor a sufficient time to cause percolation of NSmith, M.-W. 1991. Pecan nutrition, p. 152-158. In: B.W.
increased tree growth. Favorable soil moisturkeelow the root zone. In Oklahoma, this nor- Y:ﬁggsa:r? dJ(')/;b Eimﬁiéidsu)'sp%c:& hler:ar}:g?/. Ff::"
conditions were patrtially responsible for moremally occurs only during winter. Our first  serv. ARS.96. T R
growth. In addition, leaf P concentration waspplication was at budbreak, thus leachingparks, D. 1988. Growth and nutritional status of pecan in
positively associated with mulch area, andbsses would be minimized. Denitrification ~ response to phosphorus. J. Amer. Soc. Hort. Sci.
probably contributed to a faster growth rateassociated yvith anaerobic conditions can I_eaéjillvléﬁ\'/ﬁ??ﬂ__i‘f’%inv and J.B. Gartner. 1976. Phytotoxic
(Sparks, 1988). Although some mulches havi® substantial N losses at some pecan Sites. effects of several bark extracts on mung bean and
had anegative affecton N availability (Allison,However, at this site soils were well-drained, cucumber growth. J. Amer. Soc. Hort. Sci. 101:34-37.
1965), this mulch either had no effect or inand not subjected to frequent anaerobic condiéare, L.M. and W.A. Johnson. 1958. Certain relationships
creased N absorption. Elimination of any weetions that are expected in some alluvial soils Petween fertiizer and cultural practices, nitrate and
competition in close proximity to the tree alsdocated in low flood plains. Rates of N were trees. Proc. Southeastern Pecan Grovsers Assn. 21;10_
contributes to greater tree growth (Wolf andhot sufficiently high to negatively impact tree  17.
Smith, 1999). Although trees had a 4-m-widgrowth. Therefore, a single N application atveller, S.C., W.A. Skroch, and T.J. Monaco. 1985. Com-
weed-free strip, weeds germinated neasudbreak should be used unless there are envi- nmeoxlberm”dagra@ymdo” dactyloyinterference in
. . R . y planted peactP¢unus persicptrees. Weed Sci.
nonmulched trees and might remain up to Bonmental constraints, such as those discussed 33:50_56.
weeks before being treated with herbicideabove, that would favor a split application. Wwolf, M.E. and M.W. Smith. 1999. Cutleaf evening prim-
The mulch ensured that weeds could not de- rose and Palmer amaranth reduce growth of nonbearing

velop closer to the tree than the edge of the Literature Cited pecan trees. HortScience 34:1082-1084.
P 9 Worley, R.E. and R.L. Carter. 1972. Effect of four manage-

mulch. Close proximity of one o_r maore Weed%rnold, C.E. and J.H. Aldrich. 1979. Weed control in ment systems on parameters associated with growth
to the tree, even for a ShOI’F time, probably " immature pecararya illinoensiy and peachRrunus and yield of pecan. J. Amer. Soc. Hort. Sci. 98:541—
reduced tree growth. The positive linear trends persicg plantings. Weed Sci. 27:638-641. 546.
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